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Abstract: A stdudy was conducted to determine the seasonal changes of soil respiration and the contribution of root respiration to soil res¬ 
piration in Betula platyphylla forest in Changbai Mountain from May to September in 2004. Results indicated that the total soil respiration, 
root-severed soil respiration and the root respiration followed a similar seasonal trend, with a high rate in summer due to wet and high tem¬ 
perature and a low rate in spring and autumn due to lower temperature. The mean rates of total soil respiration, root-severed soil respiration 
and root respiration were 4.44, 2.30 and 2.14 pmol-nHs' 1 , respectively during the growing season, and they were all exponentially corre¬ 
lated with temperature. Soil respiration rate had a linear correlation with soil volumetric moisture. The Qio values for total soil respiration, 
root-severed soil respiration and root respiration were 2.82, 2.59 and 3.16, respectively. The contribution rate of root respiration to the total 
soil respiration was between 29.3% and 58.7% during the growing season, indicating that root is a major component of soil respiration. The 
annual mean rates of total soil respiration, root-severed soil respiration and root respiration were 1.96, 1.08, and 0.87 pmol-m 2 -s 4 , or 741.73, 
408.71, and 329.24 g-m' 2 -a 4 , respectively. Root respiration contributed 44.4% to the annual total soil respiration. The relationship proposed 
for soil respiration with soil temperature was useful for understanding and predicting potential changes in Changbai Mountain B. platyphylla 
forest ecosystem in response to forest management and climate change. 
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Introduction 

As the research on global climate change becomes one of the 
focuses of the public and scientific group, the measurements of 
source or sink of CO 2 have been noticed. Soil, as a huge carbon 
pool (1.394xl0 18 g C) (Raich & Schlesinger 1992), is an impor¬ 
tant source or sink of atmospheric CCL. Manipulation of soils to 
increase their carbon storage capacity has been proposed as a 
method for slowing the rate of atmospheric CCL increase (IPCC 
1996). The carbon balance of terrestrial ecosystems plays a ma¬ 
jor role in regulation of the surface temperature of the earth 
(Schimel 1995). The regulation of net primary production has 
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been well known for most of the earth’s ecosystem; however, our 
knowledge about belowground respiration processes is quite 
poor (Raich & Potter 1995). 

Soil CO 2 efflux is the result of autotrophic respiration by roots 
and associated mycorrhizae, and heterotrophic respiration by 
microorganisms and soil fauna that decompose aboveground 
litter and belowground detritus and soil organic matter. Despite 
the growing body of information on soil respiration processes, 
partitioning between autotrophic and heterotrophic respiration 
remains clearly unresolved and the issue of how different com¬ 
ponents of soil respiration are likely to respond to climate change 
is highly controversial (e.g. Kirschbaum 1995; Trumbore et al. 
1996; Giardina & Ryan 2000). 

As a result of climate change, and the increasingly recognized 
importance of the role of soils now and in the future, more ef¬ 
forts are being put into making better estimates of soil CO 2 ef¬ 
flux and its components to improve our understanding of the 
interactions between environmental variables and soil respiration. 
It is difficult to partition the soil CCL efflux between autotrophic 
and heterotrophic respiration. Hanson et al. (2000) reviewed the 
different methods and approaches for separating root and soil 
microbial contributions to soil respiration. Early attempts were 
made by removing roots from the soil in the laboratory (e.g. Wi- 
ant 1967), or by measuring the respiration of roots in situ directly 
after removing the soil around them (e.g. Edwards & Sollins 
1973). Estimates have also been made by finding the relationship 
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between soil respiration and fine root biomass using simple re¬ 
gression analysis (Kucera & Kirkham 1971; Xu & Qi 2001). 
Other attempts were also made to dig trenches around small ar¬ 
eas to exclude roots, and hence to eliminate root growth and 
respiration (e.g. Bowden et al. 1993; Boone et al. 1998; Epron et 
al. 1999). More recently isotopic approaches have been devel¬ 
oped. The isotopic signal of the soil C0 2 efflux was used to de¬ 
rive the partitioning (Hanson et al. 2000). Although such meth¬ 
ods have obvious advantages because of the lack of soil and root 
disturbance, the high costs and complexity of the analyses lim¬ 
ited their use to a few situations in boreal forest (Thrumbore et al. 
1996; Ekblad & Hogberg 2001) and elevated C0 2 studies (Lin et 
al. 1999). Very recently, a novel estimation of the root contribu¬ 
tion to total soil respiration of Scots pine has been made in a 
large-scale girdling experiment, in which the phloem was cut 
away on 720 trees, in a fully replicated design, while the xylem 
continued to allow water movement (Hogberg et al. 2001). These 
different methods all have intrinsic limitations associated with 
either the sampling methodology or changes in soil conditions as 
a consequence of the absence of living roots and increased input 
of root detritus to the soil, and have yielded estimates of root 
respiration ranging from 10% to 90% of the total (Hanson et al. 
2000 ). 

In the present study, we used subtraction method (Gansert 
1994; Hogberg et al. 2001) and LI-6400-09 soil respiration 
chamber (LI-COR Inc., Lincoln, Nebraska, USA) to measure in 
situ soil respiration rates with and without root-severed. Based 
upon the field data on seasonal variation of soil respiration, we 
could obtain the response of soil respiration to the temperature 
and moisture and the contribution of root respiration to total soil 
respiration. The objectives of this study were to evaluate (1) the 
seasonal variation of soil respiration and its components in 
Betula platyphylla forest, (2) the relative importance of soil 
temperature and soil moisture as predictors of soil respiration, (3) 
the relative contribution of root respiration to the total soil C0 2 
efflux, and (4) the annual soil C0 2 efflux. 

Materials and methods 

Site description 

The study site was located on the north slope of Changbai 
Mountains, Jilin Province, northeast China (latitude 42°24'N and 
longitude 128°28'E, 738 m in elevation). The local climate is 
classified as cool-temperate. Annual mean temperature is 4°C 
and the annual mean precipitation is 700 mm. The site is covered 
with snow from October to the next April. Trees produce leaf 
buds at the beginning of May, and leaves begin to senesce in the 
end of September. 

A 50-year-old secondary B. platyphylla forest was chosen at 
the site, with mean canopy height of 26 m and a dense under¬ 
story consisting of decades of kinds of broad-leaved shrub and 
Korean pine (Pinus koraiemis) seedlings. The mean height of 
understory is 0.5-2 m. The soil is classified as dark brown for¬ 
est soil originating from volcanic ashes. The landscape is very 
flat. 
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Root severing 

On May 5, 2003, we inserted steel cylinder with 10-cm inner 
diameter into 30-cm depth of soil (approximately the bottom of 
the root zone) to sever all roots. The roots were not removed. We 
replaced the steel cylinder by PVC (polyvinyl chloride) cylinder 
whose inner diameter was the same to steel cylinder. Five repli¬ 
cates were made in the site. 

To kill the roots in the cylinders, the aboveground parts of all 
plants growing in the plots were cut off at the soil surface. New 
seedlings and regrowth from the roots were periodically clipped 
when necessary. 

Measurement of soil respiration 

Soil collars made of PVC, 10 cm in diameter and 4.5 cm long, 
were inserted 2.5 cm into the soil next to each PVC cylinder. 
Once inserted, the collars were left in place throughout the 
course of the experiment. Soil respirations both inside the cylin¬ 
ders and soil collars were measured about once a week from May 
to September in 2004. The soil respiration chamber was coupled 
to a LI-6400 photosynthesis system that computes the emissions 
coming from the soil to the chamber. Following each measure¬ 
ment mode, we calculated the flux using the best fit of a linear 
regression, which computes several C0 2 flux measurements from 
the soil to the chamber. The system operation avoids over pres¬ 
sures of C0 2 inside the chamber by operating between a maxi¬ 
mum and minimum C0 2 concentrations. The rate of increase in 
C0 2 concentration inside the chamber was monitored and the 
soil C0 2 emission was computed when the chamber C0 2 con¬ 
centration is equal to that at the soil surface in the open. Thus, 
the contribution of roots to total soil respiration could be ob¬ 
tained by the difference between the values inside the cylinders 
and soil collars. 

Measurement of temperature and moisture 

Soil temperatures at 5 cm depth were recorded by Hobo thermal 
recorder (at 1-h interval). Soil water content was measured by 
TDR. 

Estimation of year-round soil respiration and the contribution of 
root 

We selected the Qi 0 relationship to analyze the temperature de¬ 
pendence of soil respiration. The exponential function, R=Rg e hl , 
was used to describe the temperature dependence of soil respira¬ 
tion. Where R is the soil respiration (pmol-m^-s" 1 ), Rg the respi¬ 
ration rate at a reference temperature of 0°C, b is the coefficient 
related to Q 10 (sensitivity to temperature), i.e. Qio is the factor by 
which a reaction increases for an increase of 10°C (Qio = e 10b ), 
and t is the soil temperature (°C) at 5 cm depth. 

Year-round soil respiration and the contribution of root were 
calculated on the basis of the Qi 0 relationship and the average of 
daily soil temperatures at 5 cm depth. 
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Results 

Seasonal changes in temperature and soil respiration 

Air temperature varied more markedly than the soil temperature 
at 5 cm depth during the growing season in 2004. Total soil res¬ 
piration and root-severed soil respiration varied with the changes 
in soil temperature at 5 cm depth (Fig. 1), and they increased 
steadily during spring following the increases in temperature 
until July when they reached the peak of 6.65 pmol-m'^s" 1 and 
3.47 pmol-m ^s -1 , respectively. 

As expected, total soil respiration and root-severed soil respi¬ 
ration became lower when soil temperature was lower. The sea¬ 
sonal change for total soil respiration and root-severed soil res¬ 
piration was almost the same (Fig. 1). The total soil respiration 
rates ranged from 2.22 pmol-m ^s" 1 to 6.65 pmol-m^s" 1 , which 
were higher than the root-severed soil respiration rates measured 
at the same time. 



Date 


Fig.l Seasonal changes in soil respiration and temperature. TRs, RRs, 
T so ii c, and T a i r represent the total soil respiration, root-severed soil respiration, 
soil temperature at 5 cm depth, and air temperature 10 cm above ground, 
respectively. 


Seasonal changes of root respiration and its contribution to the 
total soil respiration 


The root respiration and its contribution to the total soil respira¬ 
tion were calculated by subtracting soil respiration rates meas¬ 
ured in PVC cylinders from the rates measured in soil collars. It 
was observed that root respiration varied significantly with the 
change of season. It was lower at the beginning of growing sea¬ 
son and increased with the increase of soil temperature (Fig. 2). 
During the growing season in 2004, the contribution of root res¬ 
piration to the total soil respiration ranged from 29.3% to 58.7%. 


Effects of soil temperature and soil moisture on the soil respira¬ 
tion 


Total soil respiration, root-severed soil respiration and root res¬ 
piration were exponentially related to soil temperature at the 


depth of 5 cm (Fig. 3). Based on the correlations between soil 
respiration and soil temperature, we could figure out the Q 10 
values for total soil respiration, root-severed soil respiration and 
root respiration, which were 2.82, 2.59 and 3.16, respectively. 
There were linear correlations between soil respiration and soil 
volumetric moisture (Fig. 4). 



Fig. 2 Seasonal changes of root respiration and the contribution of 
root respiration to total soil respiration. Rs and Cr represent root respira¬ 
tion and the contribution of root respiration to total soil respiration, respec¬ 
tively. 
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Fig. 3 The response of total soil respiration (A), root-severed soil 
respiration (B) and root respiration (C) to soil temperature at 5 cm 
depth. 
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Fig. 4 The response of total soil respiration (A), root-severed soil 
respiration (B) and root respiration (C) to soil volumetric moisture 
above 10 cm depth. 


Year-round soil respiration and the contribution of root respira¬ 
tion 


Year-round total soil respiration and root-severed soil respiration 
(Fig. 5) estimated by Qio relationship varied with the changes of 
soil temperature at 5 cm depth, increased with the increase of soil 
temperature from May to August in 2003, and decreased steadily 
with the decrease of soil temperature until the next May in 2004. 
The total soil respiration ranged from 0.76 pmol-nf s" 1 to 5.56 
pmol-m' 2 -s _1 and root-severed soil respiration ranged from 0.46 
pmol-m^ s’ 1 to 2.86 pmol-m ^s’ 1 . 
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Date 


Fig. 5 Seasonal changes of soil respiration and temperature. I, II and 

III are soil temperature at 5 cm depth, total soil respiration and root-severed 
soil respiration, respectively. 



Date 


Fig. 6 Seasonal changes of root respiration and the contribution of 
root respiration to total soil respiration. I and II are the root respiration 
and the contribution of root respiration to total soil respiration, respectively. 


The year-round variation of root respiration was almost the 
same with that of total soil respiration and root-severed soil res¬ 
piration (Fig. 6). The maximum and the minimum of root respi¬ 
ration were 2.69 pmol-m^s' 1 and 0.30 pmol-m 2 -s"', respectively. 
The year-round contribution of root respiration to the total soil 
respiration ranged from 39.0% to 48.3%. 

The year-round mean of total soil respiration, root-severed soil 
respiration and root respiration were 1.96, 1.08, and 0.87 
pmol-m'^s' 1 , or 741.73, 408.71, and 329.24 g-m'^a' 1 , respec¬ 
tively. Root respiration contributed 44.4% to the annual total soil 
respiration. 

Discussion 


The basic assumption of the root-severed method is that respira¬ 
tory activity of roots severed is completely suppressed because 
of the lack of an energy supply. However, several studies have 
shown that the root excised from the main stem can survive and 
maintain respiration for some time after excision (Tate et al. 
1993; Uchida et al. 1998). Moreover, in many cases, significant 
increases in root (or soil) respiration rates were observed imme¬ 
diately after root excision (or trenching), which can be attributed 
to injury by excision and disturbance to soil (Ewel et al. 1987; 
Uchida et al. 1998). In this study, high soil respiration rates after 
root severed were not observed; root-severed soil respiration 
rates in PVC cylinders were always lower than those of the soil 


respiration in soil collars, indicating that root excision reduced 
root respiratory activity. 

New root growth into the PVC cylinders from below the base 
was not prevented mechanically. However, most of the root was 
in the upper 30 cm of the soil, the effect of the root growth in the 
deep soil layer was regarded to be small. 

The range of soil respiration rates measured in this study is 
similar to the range measured in other studies (e.g. Davidson et 
al. 1998; Law et al. 1999; Xu & Qi 2001; Rey et al. 2002). Simi¬ 
lar diurnal and seasonal trends in soil respiration have also been 
observed elsewhere (e.g. Conant et al. 2000; Xu & Qi 2001; Lee 
et al. 2003). 

There is large variability in the literature with regard to the 
relative contributions of autotrophic and heterotrophic respiration 
to total soil CO 2 efflux (as reviewed by Hanson et al. 2000). 
Estimates of root respiration, for example, range from 22% (Tate 
et al. 1993) to as much as 90% (Thierron & Laudelout 1996). As 
discussed earlier some of this large variability may be the result 
of differences in methodology, because it is difficult to measure 
the activity of roots without disturbing the soil, and partly the 
result of differences in forest and soil types (Hanson et al. 2000). 

This study showed that the contribution of root respiration to 
the total soil respiration from May to September ranged from 
29.3% to 58.7% and the annual mean contribution was 44.4%, 
which lay in the range of most forest in the world (30%-60%) 
(Singh et al. 2003). Ewel et al. (1987) and Epron et al. (1999) 
found a 60% contribution of root respiration in a 29-year-old 
slash pine plantation in Florida and in a 30-year-old beech forest 
in northern France, respectively. In a unique girdling experiment, 
Hogberg et al. (2001) found that 54% of the carbon assimilated 
by Scots pine in the Swedish boreal zone was respired by roots. 
By comparing soil respiration rates in a forest stand and in an 
adjacent stand where the roots were killed with a herbicide, Na- 
kane et al. (1996) estimated that root respiration contributed 50% 
of total soil respiration. Together with other studies indicating 
similar figures, they suggested that the proportion of total soil 
respiration respired by roots may be fairly constant in forests that 
are close to equilibrium. Lee et al. (2003) found that root respira¬ 
tion is negligible by three months after root excision. Therefore, 
we could consider that the result of the contribution of root was 
reasonable. 

Our Q 10 for total soil respiration and root-severed soil respira¬ 
tion is in agreement with the median Q 10 value for soil respira¬ 
tion in forest soils of 2.8 and 3.1, respectively, although the 
variance around this value is large (Raich & Schlesinger 1992; 
Kirschbaum 1995). Other studies have reported higher Qi 0 val¬ 
ues for soil respiration. For example, Davidson et al. (1998) 
found Q 10 values of 3.4 and 5.6, much higher than the values 
found in our study. They attributed this high value to the impor¬ 
tant contribution of roots to soil respiration. Pretgitzer et al. 
(2000) reported a range of Q 10 for root respiration of between 1.5 
and 3. Lower values have been reported in other studies, such as 
the value of 1.8 found by Xu & Oi (2001) in a ponderosa pine 
forest in Northern California. 

Respiration of both microbial communities and plant roots is 
sensitive to changes in soil temperature. We detected significant 
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differences in the sensitivity of the different respiring communi¬ 
ties involved in total soil respiration. The root respiration had 
significant, slightly higher Q 10 than total soil respiration and 
root-severed soil respiration. This was consistent with previous 
studies that have found a higher Qi 0 for root respiration, than for 
heterotrophic respiration (Boone et al. 1998; Epron et al. 1999). 
When a Q 10 is calculated from a sequence of measurements taken 
over a period of time during which the temperature is changing, 
the resulting value may well be the product of the response of the 
respiratory process itself to temperature and the response of the 
population of respiring organisms, whether fine roots or micro¬ 
organisms, to temperature. 

Linear correlation between soil respiration and soil moisture 
was found in this study. Soil moisture may affect soil respiration 
in two ways, either by limiting aeration, and thus the diffusivity 
of air, when it is high or by stressing soil microbial communities 
and root respiration when it is low. 

Estimated annual soil respiration values (741.73 g-m' 2 ) based 
on Qio functions were well within the range of temperate Quer- 
ctM-mixed forests (610-1414 g-m' 2 ) between 34°N and 45°N 
(Raich and Schlesinger 1992). Curtis et al. (2002) reported simi¬ 
lar values for five eastern North American deciduous forests 
(800-1 207 g-m' 2 ) between 36°N and 45°N. 

As a complex ecological process, soil respiration is affected by 
many factors together. Further studies need to be carried out to 
analyze the influences of other ecological factors on soil respira¬ 
tion and to understand well the function of soil respiration and 
roots respiration in the global change. 
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